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$\beta=1$ Munson and Joseph
[8] Reynolds $Re_{c}=90_{\text{ }}$ $m=1$






. $R_{i}$ $R_{\text{ }}$ ,






$\frac{\partial \mathrm{u}}{\partial t}+(\mathrm{u}\cdot\nabla)\mathrm{u}=-\nabla p+\triangle \mathrm{u}$ (2)
$(\partial/\partial\varphi\equiv 0)$ $\mathrm{U}$
$(\mathrm{U}\cdot\nabla)\mathrm{U}=-\nabla P+\nu\triangle \mathrm{U}$ (3)
$\mathrm{U}$ $\mathrm{u}\propto\exp[\lambda t]$
$\lambda \mathrm{u}=-(\mathrm{U}\cdot\nabla)\mathrm{u}-(\mathrm{u}\cdot\nabla)\mathrm{U}-\nabla p+\triangle \mathrm{u}$ (4)
58
$\mathrm{u}(R, \theta, \varphi)=\Omega R\sin\theta \mathrm{e}_{\varphi}$ , $\mathrm{u}(R+1, \theta, \varphi)=0$ (5)
$\mathrm{e}_{\varphi}$ $\varphi-$
:
$\mathrm{u}(r, \theta, \varphi, t)=\mathrm{u}_{\mathrm{S}}(r, \theta)+\mathrm{u}_{\mathrm{R}}(r, \theta, \varphi, t)$ (6)
$\mathrm{u}_{\mathrm{S}}$ Stokes $\triangle \mathrm{u}_{\mathrm{S}}=0$ (5)
$\mathrm{u}_{\mathrm{R}}$
$\mathrm{u}_{\mathrm{R}}(r, \theta, \varphi, t)=0$ (7)
UR
:




$\mathrm{u}(r, \theta, \varphi)=\nabla \mathrm{x}\nabla\cross(F(r, \theta, \varphi)\mathrm{e}_{r})+\nabla\cross(G(r, \theta, \varphi)\mathrm{e}_{\Gamma})$ (10)
$F,$ $G$
$F= \frac{\partial F}{\partial r}=G=0$ (11)
$\mathrm{e}_{r}$ r-
r- Chebyshev









1: – $T_{m}(x)$ $m$ Chebyshev $x=2(R-r)-1_{\text{ }}$ $P_{l}$
$l$ Legendre ’ $\theta$ $\mathrm{Y}_{l}^{n}$
3
$\mathrm{u}$ (Legendre
$l$ ) ( $Y_{l}^{m}$ $l-m$ )
$(M, L)=(16,64)$
(r- ,\theta - ) $(16,64)$
$\{$
$\psi(r, \theta)$ $=$ $\sum_{m=0\iota}^{16}\sum_{=0}^{4}6\psi m|(1-x^{2})^{2}\tau_{m}(_{X)(\mathrm{s}}\sin\theta P2’i+2\mathrm{c}\mathrm{o}\theta)$ ,




$\beta=0.5,$ $Re=$ 1500, $n=1$
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$\bullet$ $(13,52)$ , $\square$ $(14,56)$ , $\mathrm{O}(15,60),$ $+(16,64)$
(b) $\bullet(8,32)$ , $(9,36)$ , $\blacksquare(10,40),$ $\mathrm{O}(11,44),$ $\triangle(12,48),$ $\square$




Egbers and Rath Reynolds









3: $\beta=0.5$ , Reynolds $Re=$ 1500,







$1\leq n\leq 8$ 2 $(16,128)$ ( $2(\mathrm{c})$ )
Reynolds $Re=1236$






2: $\beta=0.5$ (a) $(16,64)$ , $(16,64)$ , (b)
$(16,128)$ , $(16,64)$ , (c) $(16,128)$ , $(16,128)$ .
3: $\beta=0.5,$ $Re=$ 1500, $(16,64)$ ,
$(16,64)$ .
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4: $\beta=0.5$ , Reynolds $Re=1500$ ,
$(16,128)$ (a) $u_{\varphi},$ $(\mathrm{b})\mathrm{u}_{1}(\mathrm{c})$
10 %
$\varphi,$
$t$ $\exp[i(n\varphi-{\rm Im}(\lambda)t)]$ $\Omega_{1}$



















Reynolds Egbers and Rath
-
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